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C. COMPARISON OF SIMULATION RESULTS WITH OBSERVED DATA

The computer simulation was run with the new upwelling ‘

and radiation indices and the step function predation pres-

sure term detailed in the preceding section. The sinking

rate was set at

ta X o= 0.1 m_l.

1.6 m/day and the advection coefficient set

A comparison of the simulation results with data observed

by Traganza et al. (1976) is shown in Figures 26, 27, and 28.
The calculated nutrient values lag the averaged mixed layer

concentrations by 20 to 30 days during the summer months with ;
a moderate amount of error in magnitude. The nutrient maxi-
mum occurs on day 144 with a value of 2.08 ug-at P/1 in the

simulation. A rapid decrease in phosphate levels coincident

with the summer

nutrient uptake

The simulated phytoplankton peak occurs 40 days after
the nutrient peak during the period of maximum incident radia-
tion (see Appendix C). The modeled response of phytoplankton
was relatively inflexible with regard to the radiation index,
i.e. the phytoplankton peak was found to occur within a few
days of the time of maximum incident radiation when the sink-

ing rate was varied from about 1.0 m/day to 1.8 m/day. The

relationship of
is explained by
tions (shown in
ton biomass was

could be due to

end of the year.

phytoplankton bloom displays the impact of

by phytoplankton in the model. %

the phytoplankton peak to the radiation peak
examination of the phytoplankton growth egqua- ﬂ
Appendix B). A slight increase in phytoplank-
simulated during December (day 330) which

the increased phosphate concentration at the
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Twenty days after the phytoplankton maximum, the model
simulated a zooplankton peak with a concentration of 0.97
g C/m2. The zooplankton biomass growth corresponds well
with the observed data until approximately the beginning of
September. The measured values increase to a maximum of
1.85 g C/m2 in mid-December while the model simulated a

recovery peak of 0.u47 g C/m2 and slightly earlier.
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V. DISCUSSION

The Monterey upwelling ecosystem simulation developed in
this thesis has been shown to follow the seasonal trends of
the observed phosphate, phytoplankton, and zooplankton data.
There are errors in magnitude of the simulated response at
various times of the year. The differences between observed
and simulated zooplankton are most likely due to the fact
that the model simulateé herbivorous zooplankton while the
observations include both herbivores and carnivores. Quanti-
tative data defining the seasonal ratio of herbivorous to
carnivorous zooplankton are needed to verify the simulation
results. The encouraging aspect of the model is its ability
to follow fhe seasonal trends and the fact that the timing
of the response of phytoplankton biomass to the nutrient con-
centration and the response of zooplankton to the phytoplank-
ton cycle is biologically sound, i.e. a moderate delay is
simulated between the peaks of successive trophic levels.

Since all the factors likely to affect the three state
variables (phosphate, phytoplankton and zooplankton) are not
included in the model, some error in magnitude should appear.
In recalling the philosophy expressed earlier, the objective
of this thesis has been to create a time simulation of the
dynamics of phosphate, phytoplankton and herbivorous zoo-

plarkton in a limited area over a long time. This objective




has been met by balancing the four model characteristics of
generality, realism, precision and simplicity.

From studies by Barham (1957) and Bolin (1964) it is
noted that there may be characteristic seasonal patterns of
plankton dynamics in response to characteristic patterns
of the hydrography of the Monterey upwelling ecosystem. It
is perhaps important to realize that the apparent limita- |
tions of the model as developed th@s far are relatively
small when the use of the simulation to reproduce the
characteristic patterns is considered per se.

As more and better data with which to define the dynamics

are obtained, the simulation model of the Monterey upwelling

ecosystem can progress to a more refined level.




VI. SUGGESTIONS FOR FURTHER RESEARCH

The following comments are made as a result of questions
which arose during the modification of the Monterey ecosystem

model. This list is provided to identify some areas which ]

may warrant further investigation. It is by no means com-
plete, but should serve as a guide.

1. The most significant outcome of this research has
been the recognition of the importance of accurate forcing
functions. The presence of the submarine canyon in Monterey
Bay and the likely effect on upwelling suggests further
effort be directed to verifying the upwelling index.

2. The Monterey Bay area is not homogeneous in physical,
chemical and biological parameters as evidenced by the
patchiness of biological samples and the observable spatial
gradients of the physical and chemical properties.

3. Additional work on the biological aspects of the
model including verification and refinement of the predation
terms and development of an appropriate kinetic expression
is indicated.

4, The simulation appears overly-sensitive to tempera-
ture variations in the mixed layer.

5. Various investigators have shown the importance of
phytophagous fish in ecosystem models. A fish herbivore

term should be investigated.
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6. Some question as to the stability of the CSMP 360
routine over long time simulation has been raised. This
might be investigated and resolved by initializing the
model part way through the year.

7. The effect of varying the forcing functions in the
revised model has not yet been studied.

8. The advection expression might be expanded to in-
clude the effects of all current systems influencing the

Monterey region.
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